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The first step of maturation division in the eggs of the bivalve, Oaecella 
chine:nsis is the breakdown of the germinal vesicle, which occurs within fifteen 
minutes after the addition of the spermatozoa into the dish. The first polar 
body appears within 20-25 minutes after fertilization, just on the egg surface 
at the animal pole. The second maturation division follows in a little while, 
eliminating the second polar body about 15 minutes later. These two polar 
bodies are formed in a close connection with the action of the mitotic apparatus 
called generally as the 'maturation spindle'. It is very small in size as compared 
with the mitotic apparatus appearing at the time of the early cleavage. 
To ascertain the difference of the two mitotic apparatus which takes part in 
the maturation division and in the cleavage, the writer carried out the centrif-
ugalizing experiment to shift the position of the maturation spindle towards the 
central part of the egg, immediately after the breakdown of the germinal vesicle. 
MA'fERIAL AND ME'fHOD 
The present experiments were performed with the fertilized eggs of a bivalve, 
Oaecella chinensis Deshays, collected in the vicinity of the Marine Biological 
Station of Asamushi during July in 1968. 
When the fertilized eggs at the time of the completion of the germinal vesicle 
breakdown, are centrifuged in the sucrose solution (lM sucrose 8: normal sea water 
2), the eggs are stratified into three layers; They are l) light yolk layer at the 
centripetal end, 2) clear cytoplasmic layer including the materials of maturation 
spindle with the female nucleus, 3) heavy layer at the centrifugal end. Oaecella 
eggs became somewhat oval in form as the result of the centrifugation, though 
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they may be well stratified. However, they do not orient in the centrifugal direc-
tion so that the stratificat ion has no relation t o the original polarity. The centri-
fug~l force used in the present experiment is applied for ten minutes with the 
force of about 4·020 X g. 
In these marmer, the behavior of the displaced maturation spindle newly 
formed at the different position::;, was examined . 
RESULTS 
When the fertilized eggs were centrifuged at the t ime 15 minutes after 
fertilization, the female pronucleus was displaced toward::; the central part of 
the egg. After a while, astral rays were indistinctly found arround the nucleus, 
as they were formed in the clear cytoplasmic layer (Fig. 2). Then, they made 
their appearance of tbe radiation gradually at the egg periphery. ·where 
cytoplasmic granules are lacking as in the clear cytoplasmic layer, the astral 
rays cannot be seen, because they are always indicated by the investing granules 
arround the radiation. Before long, typical amphiaster was formed parpendicular 
to the stratification in about 30 per cent of the centrifuged eggs. However, 
mitotic apparatus could not he seen in the living state. In these cases, cleavage 
furrow appeared in l)araUel with the stratification, passing through the middle of 
the clear cytoplasmic layer about 50 minutes after fertilization (Fig. 5). With 
the progress of furrowing, tl1e egg was divided in two equal blastomeres as if it 
were cut off by a sharp blade (Figs. 6 and 7). The pattern of the aforementioned 
cleavage processes differs greatly to the pattern of the normal one, furthermore, it 
occurred about twenty minutes prior to the initiation of the cleavage of the 
control eggs. One might call this a 'pseudocleavage', since the fusion of the male 
and t he female nuclei does not occur. From the observation of sectioned prepara-
tion, it was understand that the mitotic stage of the control egg, when the 
' psoudocleavage' took place, is generally at t he metaphase or the early anaphase. 
Just prior to the initiation of the ' pseudocleavage', some times a comparably 
larger transparent sphere appeared arround the either side of the separating 
daughter nucleus. This is probably the male pronucleus swelling with the course 
of development. 
Before long, the second polar body appeared either of the two blastomeres 
irrespective of the direction of the centrifugal force (Fig. 8). In the normal 
developing Caecella egg, the elimination of the second polar body is difficult to 
recognize from outwards, because, it is generally formed in a flat oval form just 
under the first polar body , holding itself close to the egg surface at the animal pole. 
However, in the centrifuged eggs, the second polar body is clearly recognized 
from the either side of the divided blastomeres as shown in the figures 8 and 10. 
Meanwhile, the divided two daughter blastomeres gradually resumed spherical 
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Photomicrographs showing the development of the centrifuged Caecella eggs. Figs. 1 
and 2. Eggs immediately after centrifuging. Figs. 3 and 4. Elimination of polar body 
when the eggs were centrifuged at the early stage of the germinal vesicle breakdown. Figs. 
5,6 and 7. Successive changes of 'pseudocleavage' . Fig. 8. Elimination of the second 
polar body after the completion of the 'pseudocleavage'. Fig. 9. At the lower half 
blastomere, multinuclei are seen. 
form, and also lose their stratification. 
About 90 minutes after fertilization, second cleavage took place perpendicular 
to the first, in the aforementioned blastomeres, of which second polar body was 
formed (Figs. 11 and 12). The newly formed blastomeres were in the most cases 
' ' 
equal in size, but few were divided unequally (Figs. 12 and 13). In the blastomeres 
at the other side, failed to divide and did not develope forming merely the 
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Photomicrographs showing t he developmenta l progression of the centrifuged eggs 
accomplishing 'pseudocleavage' . Fig. 10. Extrusion of t he second polar body. Figs. 
11- 18. Subsequent development. Take note of the rhythmical appearance of astral rays 
at the lower unsegmented blastomere. 
astral rays, rhythmically in accordance with the normal cycle of cell division (Figs. 
11- 18). Figures 15- 18 illustrated the progression of the cleavage to the early 
blastular stage, thus, the embryo became into the trochophore larvae. 
Apart from the above, one third of the eggs taking part in the 'pseudocleavage', 
failed to cleave, because of the retrogression of the furrowing (Fig. 9). In the 
extreme case, five nuclei were found. This is probably due to the progression of 
the meiotic division of the displaced nucleus without taking part in the formation 
of the cleavage. One of these is possibly the sperm nucleus. Still, it cannot be 
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distinguished because of the similarity of their external configurations. 
The relationship of the initiation of the centrifuging and its duration to gain 
the 'pseudocleavage' will be referred to the next pa.par. 
DISCU'SSI ON 
It is t he widespread generalization t hat the cleavage furrow is formed in a 
plane, just at the equatorial plane at the right angle to the axis of the mitotic 
apparatus (Harvey, 1!135; Yamamoto, 1964). To ascertain whether this 
generalization is applicable to the mitotic apparatus of the other form such as so-
called maturation spindle, the writer carried out centrifuge experiment to shift the 
maturation spindle towards t he other places, in order to know the relationship 
of it to the circumference conditions. The maturation spindle is as you know one 
of the mitotic apparatus taking part in the maturation division, very small in 
size, and largely -different to the mitotic apparatus, which appears at the time of 
the cleavage. In the above manner, the behavior and t he special functions of the 
mitotic apparatus for the maturation division can possibly be ascertained. 
In the present experiment, when the centrifugal force was applied before the 
extrusion of the first polar body, the materials for making the mitotic apparatus, 
composing mainly of female pronucleus, were displaced towards the central part of 
the egg. After a while, cleavage took place in some eggs, at the equatorial plane of 
the egg passing across t he middle of the clear cytoplasmic layer, as shown in the 
figures 5- 8. As the result, two equal daughter blastomeres were formed. 
Does the mitotic apparatus, which takes part in the aforementioned cleavage 
processes, derive from the displaced materials for making the mitotic apparatus 
for the maturation division ? The most important interpretation, regarding the 
mitotic apparatus participating in the above cleavage processes, as the modifica-
tion of the maturation spindle, is the rapid formation of the cleavage furrow (15 
minutes earlier than the normal cleavage), and the extrusion of the second polar 
body from either side of the two blastomeres. Considering from the above facts, 
it is certainly a reasonable hypothesis, that the localized growth of the mitotic 
apparatus for the maturation division is controlled by its encircling factors, 
residing in the egg cytoplasm at the animal pole. When the maturation spindle 
is shifted towards t he inner part of the egg, it possibly acquires a potentiality for 
inducing cleavage under the influence of the new endoplasmic conditions. 
From the detailed observation of the cleaving processes of the centrifuged eggs, 
the cleavage plane was formed in a straight line, as it were cut off by a sharp 
blade (Fig. 7). From the point of view, these processes arc not merely accounted 
for by the application of 'contractile ring theory' proposed by many investigators 
(Marsland, 1956; Mota, 1949) . Motomura (1949), from the observation of the 
basophilic granules which appeared along the presumptive cleavage plane in the 
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course of the cleavage of sea urchin egg, pointed out that the cell membrane 
between the daughter blastomeres is newly produced by the fusion of the vacuoles. 
And, he (1966) also found out, using his new fixatives containing Cadmium Iodide 
and Lugol's solution, that the diastema is formed by assembling the granules 
of the mucosubstance at the equatorial plane, prior to the advancement of the 
furrow. The writer noted the presence of the new cell membrane between the 
daughter cells, after when the grasshopper spermatocytes were immersed in the 
warmed Ringer's solution (Yamamoto, 1964). From the various reports available, 
the cleavage of the centrifuged Oaecella egg seems to accomplish not only by the 
contraction of the egg surface, but also by the formation of new cell membrane 
passing across the interzonal region of the displaced maturation spindle. 
By the observation of the successive development of centrifuged Oaecella egg, 
it was ascertained that the second polar body was formed from either side of the 
two blastomeres without relation to the direction of the .centrifugal force. 
Subsequent to the fact, singamy took place in the second polar body eliminating 
blastomere, and the blastomere progressed the normal course of development. 
Whereas, the other blastomeres situated at the opposite side, the rise and fall of the 
monaster were cyclically observed without the progression of cytokinesis. These 
findings suggest the presence of the cytoplasmic changes appearing autonomously 
in the activated eggs, as reported in the writer's previous paper (Yamamoto, 1967). 
In the case, when the centrifuged egg failed to cleave, sometimes multinuclei 
were found in the unsegmented eggs or the blastomeres which failed to continue 
subsequent cleavage. They were thought to be equivalent to the nuclei occurred 
by the progression of the maturation division at the center of the egg. One of 
them is surely the sperm nucleus. Except this, whether one or some of the 
daughter nuclei which derived from the accomplishment of the maturation division, 
become in the peculiar state of differentiation to be the female pronucleus in this 
condition, is not now examined. Accordingly, the writer intends to refer these 
subjects in the following paper. 
SUMMARY 
When the fertilized eggs were centrifuged just before the elimination of first 
polar body, they were stratified into three layers. After a little while, they were 
divided into two equal blastomeres. 
This shows that the mitotic apparatus for the maturation division, when it is 
formed in the central part of the egg, acquires a potentiality for inducing cleavage 
under the influence of new endoplasmic condition. 
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